Trichosporon akiyoshidainum HP-2023 completely discolorised Reactive Black 5 (200 mg/l) in 24 h. Manganese peroxidase and phenoloxidase, but no laccase activities were detected throughout the incubation. Total aromatic amines in media with Reactive Black 5 decreased 83% after 24 h, supporting an oxidative mechanism of azo dye discoloration. To unravel the genetic basis of these activities, the genome of Trichosporon akiyoshidainum HP-2023 was sequenced, assembled and annotated de novo. T. akiyoshidainum HP-2023 genome comprises 30 MB with a G+C content of 60.75% and 9019 gene models. Thirty-three putative carbohydrate-active enzymes with auxiliary activities, probably involved in lignin degradation and dye discoloration, were identified in the annotated genome, including two laccases, four extracellular fungal heme-peroxidases, nineteen hydrogen peroxide-producing enzymes, and four benzoquinone oxidoreductases. This report will facilitate further studies of textile-dye discoloration with this and closely related strains and poses questions about the ligninolytic potential of Trichosporon akiyoshidainum HP-2023 and related species.
Introduction
Textile dye and other industries use large amounts of synthetic dyes. Effluents from dying facilities are heavily colored and toxic, especially for aquatic environments (Martorell et al. 2017a) . Physicochemical methods for textile effluent discoloration are usually expensive and produce concentrated dyed-sludge that becomes a new disposal problem. Biological treatments either use anaerobic bacteria that could cause the accumulation of toxic aromatic amines or aerobic White-Rot Fungi, with poor growth in liquid media. The use of yeasts becomes then an obvious alternative that could lead to the design of green and reliable bio-discoloration processes.
Trichosporon akiyoshidainum HP-2023 (ATCC ® MYA-4129™) is a basidiomycetous yeast isolated from the rhizosphere of Cinnamomum porphyria, at Las Yungas rainforest (Tucuman, Argentina) (Pajot et al. 2007) , that could assimilate numerous carbon and nitrogen sources (Pajot et al. 2008) . The yeast could discolorise up to 700 mg/l of unpurified azo and anthraquinone textile dyes in 12-24 h (Martorell et al. 2017c) , either in defined culture media or in simulated effluents. The discoloration mechanism has been partially elucidated proving to be a co-metabolic process (Pajot et al. 2008) , linked to the production of manganese peroxidase, tyrosinase (Pajot et al. 2011; Martorell et al. 2012) or phenoloxidase (Martorell et al. 2017b) , enzymatic activities. In most filamentous fungi, dye discoloration is accomplished by the lignocellulolytic machinery, especially by extracellular heme-peroxidases (Sun et al. 2017; Bilal et al. 2017) . However, yeasts are not associated with extensive lignocellulose degradation, posing an unsolved question about the mechanisms of dye degradation in unicellular fungi. Here, we report the T. akiyoshidainum HP-2023 genome sequence Natalia María Bulacio Gil and Hipólito Fernando Pajot contributed equally to this job.
to contribute to the understanding of genes and mechanisms involved in azo dye discoloration by basidiomycetous yeasts.
Materials and methods

Growth and discoloration of Reactive Black 5 in liquid cultures
Discoloration kinetic was evaluated in 500 ml-Erlenmeyer flasks containing 100 ml of standard Normal Discoloration Medium (NDM) (Ramalho et al. 2004 ) plus the azo dye Reactive Black 5 (200 mg l − 1 ) (Fig. 1 ). Media were inoculated with 10 ml of T. akiyoshidainum HP-2023 suspension (OD 550 = 0.8), prepared from a 16 h old NDM broth. Flasks were incubated at 25 °C and 250 rpm for 24 h. Samples were aseptically and periodically collected, and centrifuged for 10 min at 6500g. Pellets were washed twice with sterile water and dried to constant weight at 80 °C, to determine biomass dry weight.
Dye discoloration was monitored using a MultiskanGo (Thermo) spectrophotometer at 590 nm in centrifuged supernatants. The residual color was calculated as percent discoloration, as follows: residual color (%) = 100 -(((A 0 − A t )/A 0 ) × 100), where A 0 and A t were the absorbance of the dyeamended medium at the start point (0) and at the measured time (t), respectively.
Colorimetric enzyme assays were performed at 25 °C. All enzymatic activities were determined using a MultiskanGo (Thermo) spectrophotometer, following miniaturized procedures. Laccase (Lacc) detection was based on the oxidation of 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS, Sigma-Aldrich), followed by the increase in absorbance at 420 nm in a reaction mixture containing 1,8 mM ABTS in 100 mM citrate buffer (pH 4.5) (Heinzkill et al. 1998) . Mn-dependent peroxidase (MnP) experiments were based on the oxidation of MBTH/DMAB followed by the increase in absorbance at 610 nm in a reaction mixture containing 0.07 MBTH, 1 mM DMAB, 0.3 mM MnSO 4 .7H 2 O, 0.05 mM H 2 O 2 in 100 mM succinate-lactate buffer (pH 4.5) (Castillo et al. 1994) . Phenoloxidase (POX) measurements were based on catechol oxidation followed by the increase in absorbance at 420 nm in a reaction mixture containing 0.9 mM of catechol and 0.07 mM MBTH in 50 mM phosphate buffer (pH 7.4) (Rodríguez López et al. 1994 ).
Genome sequencing, gene prediction, and CAZymes analysis
Trichosporon akiyoshidainum HP-2023 was grown in liquid YM media at 25 °C for 12 h. Cultures were then collected and washed three times with distilled water. Cells were ground in liquid nitrogen with mortar and pestle and total DNA was purified by the phenol:chloroform method. Genome sequencing steps were conducted by MrDNA platform (Texas). Two libraries were prepared using Nextera Mate Pair Sample Prep Kit (Illumina) following the manufacturer's user guide. The initial concentration of genomic DNA was evaluated using the Qubit ® dsDNA HS Assay Kit (Life Technologies). The sample was then diluted to achieve the recommended DNA input of 1 µg at a concentration of 13.15 ng/µl. Subsequently, samples underwent fragmentation, strand displacement, circularization, shearing, Streptavidin purification, end repair, adenylation, and adapter ligation. The ligated adapters are utilized during a limited-cycle (10 cycles) PCR. Following the libraries preparation, the final concentration of both libraries was measured using the Qubit ® dsDNA HS Assay Kit (Life Technologies) and the average library size was determined using the Agilent 2100 Bioanalyzer (Agilent Technologies). The libraries (12.5 pM each) were sequenced using 600 Cycles v3 Reagent Kit (Illumina) in MiSeq (Illumina) and de novo assembled with NGEN v. 11 (DNASTAR, Inc.).
Annotation was performed with Maker pipeline version 2.31.8 (Holt and Yandell 2011; Campbell et al. 2014 ). This included gene prediction with Augustus 3.0.3 (Stanke et al. 2006) , GeneMark-ES Suite 4.21 (Ter-Hovhannisyan et al. 2008) , and SNAP (Korf 2004 ). The genome of T. oleaginosus IBC0246 (Kourist et al. 2015) , obtained from Mycocosm database (Grigoriev et al. 2014 ) was used to train the gene predictors. ANI (Average Nucleotide Identity) analysis was performed as described by Richter and Rosello-Mora (2009). Carbohydrate-active enzymes were classified using the dbCAN HMMer-based classification system (Yin et al. 2012) .
Results and discussion
Growth and discoloration of Reactive Black 5 in liquid cultures
Results demonstrate that the growth of Trichosporon akiyoshidainum HP-2023 was not affected by the presence of Reactive Black 5 compared with control cultures (p = 0.243).
Color decreased through incubation reaching 10% of the original absorbance after 15 h and 2% after 24-h cultivation. Total aromatic amines decreased with time, supporting an oxidative mechanism of dye discoloration, probably a cometabolic process, as previously reported (Martorell et al. 2017c ). Phenoloxidase and Mn-peroxidase activities in the supernatants increased during the first 9 h of cultivation and decreased afterward. Despite the low titers measured (0.6 U l − 1 for phenoloxidase and Mn-peroxidase), both activities could not be detected in control cultures, supporting their role in azo dye discoloration (Fig. 2) . Although the enzymatic assays employed in this work are the state-of-the-art for the quantification of Mn-peroxidase, laccase and phenoloxidases, they have been designed to measure purified enzymes and, without previous purification, are prone to false positives due to the poor specificity of oxidoreductases. The low titers of Mn-peroxidase and phenoloxidase detected, together with the fast discoloration of Reactive Black 5, could imply the participation of different enzymes or even of non-enzymatic mechanisms in the process. Thus, the genome of T. akiyoshidainum HP-2023 was sequenced and annotated to further analyze the real mechanism of dye discoloration.
Genome sequencing, gene prediction, and CAZymes analysis
Overall, the genome of T. akiyoshidainum HP-2023 is similar to the genome of T. oleaginosus IBC0246 (Table 1) Additionally, 61 carbohydrate-binding modules (CBM) were predicted by the software (Fig. 3) . Enzymes with auxiliary activities participate in lignin modification and degradation, and fungi usually achieve dye discoloration through ligninolytic mechanisms. Therefore, the enzymatic degradation of textile dyes is usually driven by laccases, ligninolytic peroxidases or cytochrome P450 monooxygenases that could directly oxidize textile dyes. Non-enzymatic mechanism of dye degradation, contrariwise, involves Fenton reactions (CMFRs) and is related to the production of organic acids, siderophores, and to Fe homeostasis in general. The production of the H 2 O 2 needed to fuel both mechanisms is driven by oxidases like glucose oxidase, aryl alcohol oxidase, cellobiose oxidase, etc.
Proteins associated with the enzymatic mechanisms of ligninolysis include two putative laccases (Family AA1, EC 1.10.3.2) and four class II lignin-modifying heme-peroxidases (Family AA2, EC 1.11.1.-). These enzymes would be candidates to perform the reactions measured experimentally (Fig. 1) . Other enzymes, related to lignin degradation but with an unknown role in dye discoloration include two copper-dependent lytic polysaccharide monooxygenases (LPMOs) of the AA11 family and a protein related to the quinone-dependent oxidoreductase family AA12 (Fig. 4) .
Enzymes that can produce hydrogen peroxide were also predicted by dbCan in T. akiyoshidainum HP-2023 genome, including eight glucose-1-oxidases (Family AA3, EC 1.1.3.4), one alcohol oxidase (Family AA3, EC 1.1.3.13), five vanillyl-alcohol oxidases (Family AA4, EC 1.1.3.38), two galactose oxidases (Family AA5, EC 1.1.3.9) and three glyoxal oxidases (Family AA5, EC 1.2.3.15) (Fig. 4) .
The genome of T. akiyoshidainum HP-2023 also contains proteins related to the non-enzymatic mechanism of dye degradation. Four predicted proteins could be involved in the cycle of quinones, with potential participation in Fenton chemistry. Such proteins are members of the 1,4-benzoquinone reductase family AA6 (EC. 1.6.5.6) (Fig. 4) . , AA2 manganese peroxidase (EC 1.11.1.13); versatile peroxidase (EC 1.11.1.16); lignin peroxidase (EC 1.11.1.14); peroxidase (EC 1.11.1.-), AA3 cellobiose dehydrogenase (EC 1.1.99.18); glucose 1-oxidase (EC 1.1.3.4); aryl alcohol oxidase (EC 1.1.3.7); alcohol oxidase (EC 1.1.3.13); pyranose oxidase (EC 1.1.3.10), AA4 vanillyl-alcohol oxidase (EC 1.1.3.38), AA5 Oxidase with oxygen as acceptor (EC 1.1.3.-); galactose oxidase (EC 1.1.3.9); glyoxal oxidase (EC 1.2.3.15); alcohol oxidase (EC 1.1.3.13), AA6 1,4-benzoquinone reductase (EC. 1.6.5.6), AA7 glucooligosaccharide oxidase (EC 1.1.3.-); chitooligosaccharide oxidase (EC 1.1.3.-), AA11 copper-dependent lytic polysaccharide monooxygenases (LPMOs), AA12 pyrroloquinoline quinone-dependent oxidoreductase
